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birds
1996), so the ratio of HYs to AHYs obtained from net-
ting is not used as an estimate of productivity. Instead, investigators hope that the relative susceptibility to capture is about the same among the samples being compared so that the age ratios in mistnet samples provide a reliable index to productivity Studies of this sort have convinced specialists in avian monitoring that mist netting at a single location does not provide a valid index to productivity, either at that site or across a larger region (e.g. DeSante 1995 , Peach et al. 1996 . It remains uncertain, however, whether mist netting at several locations yields a reliable index of average productivity for the region in which the sites are located. It is possible that annual variation in relative susceptibility of HY and AHY birds to capture in mist nets might obscure trends in productivity across time or space.
Here, we report on the correlation between mistnet indices and productivity in Kirtland's Warblers (Dendroica kirtlandii). Our study is unusual because we had good estimates of population-wide productivity, and our mist netting also sampled most of the population. Thus, we had an opportunity to study mist-net indices without the confounding influence of immigration and emigration.
Our primary objective was to determine whether mist netting at several sites provided a useful index to population-wide productivity. Our data also allowed a comparison of capture rates for HY and AHY birds and thus supplement the results presented by Feu and McMeeking (1991) 
Note that actual productivity, B, is based solely on males (because only males are counted on spring censuses), whereas our index to productivity is based on both sexes (because both sexes are captured and resighted). The number of males produced per adult male, however, is equal to the number of young produced per adult if the sex ratio is equal, as is be- mately 40 to 50 AHY birds and 50 to 120 HY birds were captured during 9,000 to 15,000 net hours (Table 1). The resighting rate for marked birds was approximately 75%. Estimates of actual productivity, calculated using equation 2, were reasonably precise; coefficients of variation (SE(b)/b) were 10 to 12% in each year except 1986, when sample sizes were small and the estimated CV was 22%. Actual productivity, and the index of productivity, each varied about three-fold during the study period.
The sample age ratio derived from mist netting exceeded the estimate of actual productivity in every year, indicating that HY birds were more susceptible to capture than were AHY birds (sign test, P < 0.01, n = 7). The average estimate of actual productivity during the seven-year study was 1.12 young per adult, and the average age ratio (HY: AHY) of birds caught in mist nets was 1.89. This indicates that on average, HY birds were about 1.7 times more susceptible to capture than were AHY birds. The index, HY: AHY, was strongly related to productivity (Fig. 1) . The correlation (r 2) was 0.82, and the P-value for a test of R 2 = 0 was 0.02. The sample r 2 was not significantly different from 1.0. There were no outliers or indications of a nonlinear trend in the data. Thus, in our study, the age ratio in the population-wide mist-net sample provided a good index to productivity, although it was not useful as an estimate of actual productivity owing to HY birds being much more susceptible to capture in the nets.
The number of HY birds captured per net hour was not significantly related to productivity (r 2 = 0.13, P = 0.422), a result that was not surprising. If population size changes (as was true in our study), then the number of HY birds caught per net hour presumably would tend to change even if productivity per adult did not change. Also, any annual changes in net efficiency caused by weather or other factors could cause changes in the number of HY birds captured. Finally, the susceptibility of HY birds to netting may vary spatially (Nur and Geupel 1993), which would further compromise the use of capture rates of HY birds as a productivity index. Age ratios at the two sites where netting continued throughout the study (Bald Hill, Mack Lake) were not strongly related to population-wide productivity (r 2 = 0.05 and 0.41, P = 0.64 and 0.17, respectively; Table 2 ). The primary reason for this appeared to be that movements differed significantly between HY and AHY birds. At Bald Hill, habitat suitability declined during our study. As this occurred, numbers of HY and AHY birds declined, but the number of AHY birds declined faster, and thus the ratio of HY: AHY birds increased (Table 2) . For example, combining data, the ratio was 1.4 for 1986 to 1988 and 3.7 for 1990 to 1992. At Mack Lake, habitat improved during the study. Both HY and AHY birds became more common, but the number of HY birds increased faster such that the ratio of HY: AHY birds tended to increase through time (Table 2) . For example, combining data, the ratio was 1.0 for 1986 to 1988 and 2.1 for 1990 to 1992. With site-specific dynamics exerting such a strong effect on age ratios, it is not surprising that the age-ratio index at individual sites did not reflect population-wide productivity very well. These results support the view of DeSante (1995) that multiple sites must be surveyed for mist netting to provide a valid index to population productivity.
The number of sites needed to obtain a reliable estimate of regional productivity presumably will vary among studies depending on numerous factors such as the similarity among sites of trends in habitat quality. If data from a pilot study are available, precision and power can be estimated using standard formulas, with the number of sites as the sample size. In ecological studies, samples of fewer than six or eight rarely provide useful estimates, and we see no reason that this generalization would not apply to studies of productivity. Thus, at least six to eight sites (or more) will probably be needed in most cases.
In summary, in our study (1) capture rates (number of HY birds/number of AHY birds) were not useful as a direct measure of productivity in Kirtland's Warblers because HY birds were about 1.7 times more likely than AHY birds to be captured in mist nets; (2) capture rates varied substantially among sites, presumably because of changes in habitat that affected movements during late summer (thus, capture rates at a single site did not provide a useful index to population-wide productivity); and (3) population-wide capture rates provided useful indices to population-wide productivity. As noted previously, the first two conclusions are already accepted by specialists in the use of mist netting to index productivity. Our study presents the first evidence that annual variation in relative capture rates is sufficiently small that mist netting at multiple sites in a region can provide a useful index to region-wide productivity. The region must be large relative to late-summer movements by the study species, which means that obtaining habitat-specific productivity rates will be possible only within large patches of habitat. It should also be recognized that many species will move much farther than Kirtland's Warblers (owing to their limited breeding distribution). Our results suggest that mist-netting programs like MAPS and the Constant Effort Sites used in Britain can provide useful measures of temporal patterns, large-scale spatial patterns, and year-specific patterns in avian productivity. Furthermore, unlike most nest-monitoring studies, mist netting in late summer measures season-long productivity, the quantity of greatest use in most demographic analyses. Late-summer mist netting thus appears to be a useful method for studying avian productivity provided that investigators realize that results from at least six to eight sites that are well distributed across a large region must be combined to obtain a valid index, and that results obtained in this manner describe relative region-wide productivity, not absolute or local productivity.
